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1) Shimizu and Tsuji 2, 3) established a method of preparing colloidal platinum particles, whose average size is 2 nm, by ethanol reduction of H 2 PtCl 6 in the absence of protective agents such as hydrophilic polymers. 4) They used only the chemicals permitted to food additives such as ethanol and NaHCO 3 . The character of the suspension of colloidal platinum nanoparticles is shown in Table 1 , and the solute of the suspension contains no salt because of low conductance. 2) Platinum nanoparticles have negative surface potential from negative charges and are stably suspended from an electric repulsion between the same charged particles.
Platinum is known to be used as a catalyst for a redox reaction, and Shimizu and Tsuji have studied whether this suspension of colloidal platinum nanoparticles have a reducing power for any oxides. The suspension of colloidal platinum nanoparticles reduced dark copper oxide on the surface of a cupper plate to glitter copper metal. Shimizu and Tsuji have been investigating the effect of the colloidal platinum for improving human health because of the reducing power of nanoparticles.
In this study, we studied whether the reducing power of colloidal platinum nanoparticles is dependent on the action of the catalyst from a special property of platinum or on the transfer of electrons from charged platinum nanoparticles. It was shown that hydrogen peroxide, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and 2,6-dichlorophenol indophenol (DCIP) were reduced by colloidal platinum nanoparticles. This result is surprising in view of the fact that electrons of platinum nanoparticles can transfer to hydrogen peroxide, DPPH radical or DCIP. 5) The mixture containing 5 mM scopoletin in 10 mM phosphate buffer (pH 7.4) was reacted with 1 munit horseradish peroxidase for 30 min. Fluorescence intensity was measured with a spectrofluorometer (F-4000, Hitachi) with excitation at 365 nm and emission at 450 nm.
MATERIALS AND METHODS

Materials
Measurement of DPPH Radical-Scavenging DPPH radical-scavenging activity was investigated according to the method of Uchiyama et al. 6) The solution containing 40 mM DPPH in 5 mM pyrophosphate buffer (pH 7.2) and 50% MeOH mixed with various concentration of colloidal platinum nanoparticles, and the absorbance of each mixture was measured at 520 nm after 30 min with a spectrometer (U-3210, Hitachi). The radical scavenging activity was determined by comparing the absorbance with that of a blank (100%) containing only DPPH and buffer containing 50% MeOH.
Measurement of DCIP Reducing Activity DCIP reducing activity was measured for the colorimetric decrease at 600 nm.
7) The constant volume of colloidal platinum water was added to a solution containing 50 mM DCIP, and an absorbance at 600 nm was measured with a spectrometer. Reoxidation of DCIPH 2 (reduced) by oxygen 8) was not negligible under our experimental conditions, and a capped cuvette that was sealed against access of air was used. To obtain the reproducible results, a stream of nitrogen gas was passed through DCIP solution in a cuvette to displace the dissolved oxygen.
RESULTS
In this experiment, the concentration of platinum nanoparticles was expressed as the dilution rate of an undiluted col-loidal platinum water (510 ppm). Since the mixing of colloidal platinum water and H 2 O 2 solution induced a generation of bubbles, platinum nanoparticles were suspected to reduce H 2 O 2 . The concentration of H 2 O 2 was measured for 5 h after mixing H 2 O 2 solution and platinum nanoparticles, and was plotted against the incubated time (Fig. 1) . As seen from DPPH is used to detect the reducing power of antioxidants. 6) Antioxidants react with the stable free radical DPPH, which gives a strong absorption at 520 nm, and produce colorless 2,2-diphenyl-1-picryl hydrazine. 6, 9, 10) Figure 2 shows that the DPPH radical was almost scavenged for 30 min by platinum nanoparticles at 0.08 ppm (0.016%). Platinum nanoparticles have electrons because of their negative z-potential as shown in Table 1 , and the result of Fig. 2 shows that an electron of platinum nanoparticles can transfer to DPPH radical.
DCIP is also used as a dye for measurements of reducing activity various systems. 7, 8, 11, 12) The reducing activity of platinum nanoparticles was estimated with DCIP in 10 mM sodium acetate (pH 8) and shown in Fig. 3 . Electrons of platinum nanoparticles transferred to DCIP as shown in the reaction below.
A decrease in absorbance at 600 nm was observed at 9 min after the addition of 2% colloidal platinum water (final concentration). When a high concentration of platinum nanoparticles is used, the time at the initiation of the decrease in absorbance is short and a rate of decrease in absorbance is large. Above 1% (5 ppm), the reducing activity of colloidal platinum water was observed, but the activity of antioxidant was not observed at 0.5% within a 60 min difference from the result shown in Figs. 1 and 2 .
The blue color at the air-solution interface in the cuvette remained when the absorbance of solution sufficiently decreased, and the DCIP solution by inversion of the cuvette induces the increase in absorbance at 600 nm (Fig. 4) . These results show that DCIPH 2 (reduced; no absorbance in 600 nm) was rapidly reoxidized by the reaction with dissolved oxygen to generate DCIP 8) (oxidied; absorbance in 600 nm) as shown in the reaction below. 
Fig. 2. Dependence of Concentration of Platinum Nanoparticles for Scavenging Activity on DPPH Radicals
After mixing a solution of DPPH radicals (40 mM) and varying the volume of colloidal platinum water, the concentration of DPPH was measured for the colorimetric decrease at 520 nm as described in Materials and Methods.
Fig. 3. Effect of Incubation Time for Reduction of DCIP by Platinum Nanoparticles
After mixing 50 mM DCIP in 10 mM sodium acetate (pH 8) and varying the volume of colloidal platinum water, the concentration of DCIP was measured as described in Materials and Methods. As shown in Fig. 4 , the rate of reoxidation to DCIP is faster than that of the reduction to DCIPH 2 , and the rate of reoxidation to DCIP is dependent on that of the oxygen dissolution to the solution. 8) Therefore, the rate of decrease in the absorbance of 600 nm was the difference between the rate of reduction by platinum nanoparticles and that of the oxygen dissolution to the solution. Because oxygen was not removed in the air of used capped cuvette, it is reasonable to require a higher concentration of platinum nanoparticles for the reduction of DCIP than that of H 2 O 2 and DPPH. The saturation concentration of the dissolved oxygen is 258 mmol/l for distilled water at 25°C, which is dependent on the temperature and composition of the solution, and is higher than the concentration of DCIPH 2 . When air was carefully removed in the used capped cuvette, the absorbance of 600 nm was not increased. This means that the above interpretation is appropriate.
A change in pH of the solution using NaH 2 PO 4 and Na 2 HPO 4 did not affect the rate of the DCIP-reducing measured of absorbance at 600 nm (data not shown).
DISCUSSION
We have demonstrated in this paper that negatively charged platinum nanoparticles, which were made by ethanol reduction of H 2 PtCl 6 , can induce H 2 O 2 degradation, DPPH radical-scavenging and DCIP reduction. We believe that negatively charged platinum nanoparticles must give their electrons to these chemicals (reduction). It is interesting why the platinum nanoparticles were charged negatively and have the reducing power for DCIP, H 2 O 2 and DPPH. The mean z-potential of platinum nanoparticles (Ϫ40 mV at diameter 2 nm) is constant in the pH range 5-7 and decreased in the increase of particle size (Ϫ25 mV at diameter 5 nm).
2) The activity of DCIP reduction did not alter in the pH range 6-10. Shimizu and Tsuji proposed that the charging of platinum nanoparticles is not due to the absorption of any charged molecules because platinum nanoparticles are made only by ethanol, NaHCO 3 , and H 2 PtCl 6 , but may be due to the dispersing of colloidal suspension at 2 nm, stabilizing the surface energy between water and the surface of platinum nanoparticles. 2, 3) The mean size (diameter) of the platinum nanoparticles is 2 nm. This is larger than that of organic molecules such as sucrose and smaller than that of proteins and equal to that of hydrophobic residues of stearic acid. The platinum nanoparticles might not permeate across the biological (plasma) membranes because of the 2 nm diameter and the hydrophilic surface, except for the pinocytosis of membranes. Because platinum nanoparticles have the reducing power for DCIP, H 2 O 2 and DPPH, it is reasonable to think that platinum nanoparticles can reduce various oxidized forms of chemicals, which can permeate across the biological membranes by those transport systems. Then the reducing power of platinum nanoparticles was thought to be affected to the redox state in cytosol of biological cells, and platinum nanoparticles would have a biological activity for cells or organs if they were only present in extracellular fluid. We must study if platinum nanoparticles are able to reduce well-known chemicals in biological system, such as cystin, superoxide radical, lactate, aldehydes, some quinines and ascorbic acid.
If hydrogen was generated in the reducing reaction by ethanol of H 2 PtCl 6 to prepare colloidal platinum nanoparticles, it would be absorb on the surface of reduced platinum. If hydrogen was generated, we cannot deny the explanation that the reducing power of platinum nanoparticles to DCIP, H 2 O 2 and DPPH is partly caused by the hydrogen adsorbed on platinum nanoparticles. Since no generation of gas was found in the reducing reaction by ethanol of H 2 PtCl 6 to prepare colloidal platinum nanoparticles, we believe hydrogen was not generated. Whether hydrogen was generated or not, the platinum nanoparticles used in the experiment have the reducing power for DCIP, H 2 O 2 and DPPH. Ninety microliters of colloidal platinum water was added to 3 ml of 50 mM DCIP in 10 mM sodium pyrophosphate (pH 7.2) in a capped optical cuvette, and the absorbance was recorded at 600 nm. When the absorbance was below 0.1, as shown in the figure as arrow, the optical cuvette was turned one time to mix and the absorbance was recorded for 30 min. The absorbance after the first turn was shown in the figure.
